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Introduction
In designing a more sustainable urban sewerage system, a model of in-sewer wastewater transformation is needed, where processes in the sewer network could be integrated with the treatment plant processes [1] . The model must be capable of predicting changes in organic matter quality with respect to the processes in subsequent treatment tasks. Sewers can serve as bioreactors for reducing pollution load. The capability of sewers for self-purification has been previously studied, and in some cases, substantial biochemical oxygen demand (BOD) removal was observed [2] . Under aerobic conditions, substantial changes in wastewater occur during transport in sewers. Readily biodegradable organic matter is removed, and particulate COD is produced (biomass) [3] . Such aerobic transformations can be managed to comply with the primary and secondary treatment of the wastewater. Under anaerobic conditions, readily biodegradable substrate is preserved and even produced, making it available for potential biological nitrogen and phosphorus removal in subsequent advanced wastewater treatment processes [4] . This study aims to identify the degradation rate of sewage in a sewer-like environment in terms of such bulk parameters as chemical oxygen demand (COD) and soluble COD (SCOD), as well as the specific pollutants, namely, phenol and anionic surfactants.
Material and method
Sewage was sampled from a manhole in the sewerage network of Seberang Jaya Town in Penang. The samples were preserved in accordance to the United State Environmental Protection Agency (USEPA) method [5] . Degradation of COD, SCOD, phenols, and anionic surfactants in the sewage was observed under aerobic and anaerobic conditions in a laboratory. Degradation occurred in seven 500 ml batch reactors made of Erlenmeyer flasks wrapped with aluminum foils and labeled 0, 2, 4, 8, 16, 30, and 50 h. The aluminum foil prevented the exposure of the reactors to light, thus eliminating the photolysis process. The reactors were filled to the brim with the collected samples. The content of each flask was stirred slowly using a magnetic bar and then kept in a BOD incubator (HACH Model 205) to maintain the temperature at 29 °C ± 0.5 °C. This temperature ranged simulates actual sewer temperature. The aerobic condition was achieved through the surface aeration of the stirring mechanism. Dissolved oxygen was measured to be within the range of 1 mg/L to 3 mg/L, identical to actual sewer conditions. To simulate anaerobic conditions, the mouth of each flask was closed tightly using a rubber stopper to avoid the surface aeration process. The sewage in each flask was analyzed for COD, SCOD, anionic surfactants, and phenol at predetermined intervals. The experiments were run thrice. In this experiment, no seeding of biomass was introduced to maintain a high food-to-microorganism ratio to simulate the actual sewer condition. All the collected samples were analyzed using the previously stated parameters. COD and SCOD parameters were determined using Reactor Digestion, Method 8000 [6] . Phenol concentration in sewage was determined by 4-Aminoantipyrine Method 8047, and anionic surfactants concentration was determined by Crystal Violet Method 8028 [6] .
Result and discussion
Degradation of COD and SCOD. Figures 1 and 2 show the COD and SCOD profiles under aerobically simulated sewer conditions with up to 50 h of hydraulic retention time. The average zero-order removal rates of COD and SCOD were 0.051 and 0.052 mg/L/h, respectively. Previous research reported that the rate of COD removal obtained aerobically from a laboratory-scale reactor experiment was 27 mg/L/h [7] . The removal rates reported in this study partly reflect actual conditions in the sewer because no biofilm was present in any of the reactors. The removal rate in a real sewer would typically be expected to be higher [8] . Figures 3 and 4 illustrate the COD and SCOD profiles under anaerobically simulated sewer conditions. COD concentration did not change with residence time. However, SCOD seemed to increase over time at a production rate of 0.010 mg/L/h. Previous research reported the production of readily biodegradable substrate originating from hydrolysable substrate increased at a rate of 1.5 mg/L/h to 1.8 mg/L/h [4] . Manufacturing Science and Technology III Degradation of phenol. Figures 5 and 6 illustrate the rates of the degradation of phenol aerobically and anaerobically under sewer-like conditions. Figure 5 shows the profile of phenol degradation under aerobic conditions. The average degradation rate was 0.0211/h. The analysis of phenol degradation was approximated via the first-order kinetic equation because in a natural environment, other carbon sources may be available for bacterial growth [9] . Figure 6 depicts phenol degradation under anaerobic conditions. No degradation of phenol was evident under anaerobic conditions. Thus, a negligible anaerobic degradation of phenol could have occurred within 50 h of incubation time in the sewer-like environment. Previous researchers suggested that microbial activity was responsible for the degradation of phenol under aerobic conditions and concluded that no significant anaerobic degradation of phenol occurred within several days [10] .
Degradation of anionic surfactants. Figure 7 portrays the degradation of anionic surfactant under aerobic in-sewer simulated conditions, whereas figure 8 portrays the degradation of anionic surfactants under anaerobic in-sewer simulated conditions. The degradation evidently occurred under aerobic conditions at an average degradation rate of 0.0454/h. Meanwhile, figure 8 shows that the degradation of anionic surfactants was insignificant under anaerobic conditions. It was reported that most surfactants are biodegradable under aerobic conditions but may persist under anaerobic conditions [11] . In this study, anionic surfactants were removed from 90% of the initial concentration within 50 h of aeration time. The half life of anionic surfactants (reciprocal of degradation rate) was 22 h. Previous study on sewer systems found that the half-life of detergent in the sewer to be in the order of hours [12] . Advanced Materials Research Vols. 622-623
Conclusion
In this sewer-like degradation study, COD and SCOD were observed to follow zero-order removal rates and the rates under aerobic conditions were 0.051 and 0.052 mg/L/h, respectively. The COD removal was insignificant anaerobically, while SCOD was observed to increase at a rate of 0.010 mg/L/h. Phenol degradation under aerobic conditions had a degradation rate of 0.0211/h. Under anaerobic conditions, phenol degradation was noted to be insignificant. The rate of degradation of anionic surfactants under aerobic conditions was observed to be 0.0454/h, whereas under anaerobic conditions, the concentration of anionic surfactants was observed to remain constant with reaction time, thus having an insignificant rate of removal. In conclusion, aerobic conditions appeared to provide an ideal condition for the in-sewer biodegradation of COD, SCOD, phenol, and anionic surfactants.
